Dependence on drugs has enduring effects on drug intake and relapse. The role of choice in enhanced susceptibility to drug use in drug dependence has been little studied. Here we determine the effects of alcohol dependence on the choice between alcohol and a non-drug reward, saccharin, using the discrete choice model in food-restricted male rats. We trained rats to self-administer alcohol (12% w/v) and saccharin (0.05, 0.1%), tested their choice of alcohol vs. saccharin, and determined the effects of deprivation and intertrial interval (ITI) duration on choice. We then determined the effects of alcohol dependence, induced by repeated intermittent exposure to alcohol vapor on choice of alcohol vs. saccharin (0.1%) in discrete choice trials as well as on the effects of adulteration of alcohol with quinine on choice. We trained another group of rats to self-administer intravenous (i.v.) nicotine (0.03 mg/kg/infusion) and oral saccharin (0.1%), determined their choice, and examined the roles of ITI duration and concurrent access on choice. Rats chose equivalent amounts of 0.05% saccharin and 12% alcohol, showed a stronger choice for 0.1% saccharin, and alcohol and saccharin choice were modestly decreased and increased, respectively, by deprivation. Alcohol dependence led to profound increases in the choice of alcohol over saccharin while adulteration of alcohol with quinine did not affect choice in nondependent or dependent rats. Rats showed marked choice for 0.1% saccharin over i.v. nicotine. The strong effect that dependence had on alcohol choice is an important validation of the discrete choice procedure.
INTRODUCTION
Dependence on alcohol and other drugs has profound and enduring effects on drug-related behaviors including intake, relapse, and impulsivity [1, 2] . The behavioral and neurobiological processes underlying the effects of dependence are poorly understood. Human drug abusers have access to drugs as well as to other reinforcers and often forgo these other reinforcers in order to take the drug, which is especially prevalent in drug-dependent individuals [3] [4] [5] . This underscores a limitation in most currently used animal models of drug addiction, the provision of drug access in the absence of other reinforcers. In these models, it may be argued that drugseeking is driven by lack of an alternative, rather than increased motivation to obtain the drug [6] . A number of different preclinical models have been developed that incorporate choice of alternative reinforcers, such as concurrent access [7, 8] , and the focus of the present work, the discrete choice procedure [9] .
In the discrete choice procedure, rats are allowed to choose between a drug and non-drug reward (typically saccharin or palatable food pellets), such that selection of one precludes the availability of the other. Most of this work shows that rats choose the non-drug reward over the drug reward [9] [10] [11] [12] . To date, this increased choice of the non-drug reinforcer over drug has been demonstrated primarily with intravenous (i.v.) self-administered drugs, including cocaine [9, 13] , heroin [14, 15] , nicotine [16] , and methamphetamine [15, 17, 18] .
The greater choice of the non-drug reward over i.v. drugs is a highly robust effect. It has been hypothesized that drug dependence could shift choice away from the non-drug reward toward the drug reward [19] . This has been explored using the approach of increased access to enhance drug intake. Choice of saccharin is not changed by extended (6-9 h) daily access to i.v. heroin, cocaine, or methamphetamine [9, 15, 18, 20, 21] or by prolonged training (25 days) with i.v. nicotine [16] . In the case of heroin, choice is shifted towards heroin if extended daily access is combined with a "within session" escalating dose regimen (dose quadrupled during last 5 h of 6 h session) [14] . However, the degree of heroin dependence induced in this study is unclear, since withdrawal symptoms were not reported.
The present study (1) determined choice behavior for orally selfadministered solutions of alcohol and saccharin and examined the effects of reinforcer deprivation on such choice, (2) determined the effects of alcohol dependence on choice behavior between oral alcohol and saccharin, (3) determined the effects of adulteration of alcohol with quinine (a test of compulsive-like alcohol-taking) on choice in non-dependent and dependent rats [22, 23] and (4) determined choice of i.v. nicotine vs. oral saccharin in order to replicate the results of previous discrete choice studies with i.v. drugs and saccharin.
Our data comparing oral saccharin and i.v. nicotine-trained rats' choice was in line with previous findings of enhanced saccharin vs. i.v. nicotine choice. In contrast, we observed that rats trained to self-administer oral alcohol and saccharin showed equivalent choice of the two reinforcers that was only slightly affected by deprivation. Based on these results, we then determined the effects of alcohol dependence, induced by repeated intermittent exposure to alcohol vapor, on the choice of oral alcohol vs. saccharin, and we also determined whether adulteration of alcohol with quinine would affect choice and whether this would interact with alcohol dependence.
MATERIALS AND METHODS
For subjects, alcohol, nicotine and saccharin self-administration, discrete choice tests, alcohol vapor chambers, assessment of alcohol withdrawal symptoms, i.v. catheterization, concurrent access tests, alcohol and saccharin deprivation, and tests of compulsive-like alcohol taking, see Supplementary Online Material.
Experiment 1: Choice between alcohol and saccharin The goal of Exp. 1 was to determine choice behavior for orally selfadministered solutions of alcohol and saccharin and to examine the effects of reinforcer deprivation on such choice. Forty male Long Evans rats were trained to self-administer alcohol (12% w/v) and saccharin (0.05%) as described previously [24, 25] to FR-3. They then received alternating daily sessions of alcohol and saccharin self-administration (8 sessions/reinforcer) followed by 5 days of discrete choice tests. Rats then received daily alternating self-administration sessions of alcohol and 0.1% saccharin (3 sessions/reinforcer) followed by 6 days of discrete choice tests. Rats then underwent 10 days of alcohol and saccharin deprivation, remaining in their home cages, after which they received daily discrete choice tests (2 days with a 2 min intertrial interval (ITI) and 2 days with a 5 min ITI).
Experiment 2: Effect of alcohol dependence on alcohol vs. saccharin choice The goal of Exp. 2 was to determine the effects of alcohol dependence on choice behavior between oral alcohol and saccharin and the effects of adulteration of alcohol with quinine (a test of compulsive-like alcohol-taking) on choice in nondependent and dependent rats. Forty male Long Evans rats were trained to self-administer alcohol (12% w/v) and saccharin (0.1%) to FR-3 as described previously and then received 5 days of discrete choice tests. On the basis of their choice (alcohol/ saccharin), rats were assigned to alcohol vapor (dependent) or control (non-dependent) groups and received 5 cycles of vapor exposure (5 days/cycle, with 6 days between cycles) or remained in their home cages. Briefly, after Cycles 1-3, rats received 4 alternating days of alcohol and saccharin self-administration (2 days of each) followed by 2 days of discrete choice tests. After Cycle 4, rats received 4 days of discrete choice tests followed by 2 days of concurrent access tests. Compulsive-like drinking was examined after Cycle 5; rats received 2 days self-administration of unadulterated alcohol and then 2 days with quinine-adulterated alcohol (first: 0.05 g/L, second: 0.1 g/L quinine). Rats then received 2 days of discrete choice tests with unadulterated alcohol and saccharin followed by 2 days of discrete choice tests with adulterated alcohol (0.05, 0.1 g/L quinine) and unadulterated saccharin. Somatic withdrawal symptoms were tabulated 24 h after termination of alcohol vapor exposure in Cycles 3-5. The goal of Exp. 3 was to determine choice of i.v. nicotine vs. oral saccharin in order to replicate the results of previous discrete choice studies with i.v. drugs and saccharin. Fourteen male Sprague Dawley rats were implanted with i.v. catheters and, after recovery, were trained to self-administer i.v. nicotine (0.03 mg/ kg/infusion) and saccharin (0.1%) on alternating days for 20 days to a final ratio of FR-3 [25] . They then received 6 days of discrete choice tests, the first 4 with a 2 min ITI and the last 2 with a 5 min ITI and then 2 days of concurrent access sessions. While both Long Evans and Sprague Dawley rats are commonly used in i.v. nicotine self-administration studies, Sprague Dawley rats were used in this experiment because Long Evans rats from our current supplier are more susceptible to infections following surgical procedures.
Statistical analysis
We analyzed the data using SPSS (version 24). In Exp. 1 and 2, analyses were conducted using within-subjects analyses of variance (ANOVAs). In Exp. 2, mixed ANOVAs were used because Effects of alcohol dependence on discrete choice between... M Russo et al.
of the additional between-subjects factor of Dependence condition. We followed up on significant main effects or interactions (p < 0.05) with post-hoc tests using the Bonferroni correction. The proportion of rats showing the somatic withdrawal signs of tail stiffness and hyper-reactivity observed after termination of alcohol vapor exposures 3-5 were analyzed with Χ 2 tests.
RESULTS

Experiment 1:
Choice between alcohol and saccharin See Fig. 1a for experimental timeline.
Alcohol and saccharin self-administration. During training with 12% alcohol and 0.05% saccharin, rats self-administered more saccharin than alcohol (Reinforcer: F(1,25) = 13.71, p = 0.001; Effects of deprivation of alcohol and saccharin on choice. Rats chose more saccharin (0.1%) and less alcohol after 10 days of deprivation of both reinforcers ( Saccharin self-administration increased, while alcohol selfadministration remained steady across days (Reinforcer×Day interaction: F(7,23) = 11.85, p = 0.000).
Discrete choice tests of alcohol and saccharin prior to alcohol vapor exposure. The choice of 12% alcohol and 0.1% saccharin was similar in the discrete choice tests conducted prior to alcohol vapor exposure. (Reinforcer p > 0.05) (Fig. 2b, right) .
Effects of alcohol vapor exposure on alcohol and saccharin selfadministration. Dependence increased alcohol self-administration as a function of the number of alcohol vapor cycles experienced (Fig. 2c , left) but did not affect saccharin self-administration (Fig. 2c,  right ). There was a Dependence condition×Cycle interaction (F(2,28) = 8.02, p = 0.001). Alcohol self-administration of dependent rats was significantly higher than the control rats after the third vapor cycle (p < 0.05).
Discrete choice tests after alcohol vapor exposure. Compared to controls, alcohol choice increased in dependent rats as a function of vapor cycle (Fig. 2d , left)(Dependence condition×Cycle interaction: F(3,80) = 4.61, p = 0.005) and was significantly higher than control rats after vapor cycles 3 and 4 (p < 0.05). Compared to control rats, saccharin choice decreased across alcohol vapor cycles in dependent rats (Fig. 2d , right) (Dependence group×-Cycle: F(3,80) = 4.43, p = 0.006) and was significantly lower than the control group after vapor cycles 3 and 4 (p < 0.05).
Effects of alcohol dependence on concurrent access to alcohol and saccharin. Concurrent access to alcohol and saccharin did not affect alcohol choice (Fig. 2e, left) , but reduced saccharin choice (2e, right) (Dependence condition×Reinforcer interaction: F(1,29) = 8.69, p = 0.006). There was no effect of Dependence condition nor interaction (ps > 0.05).
Effects of alcohol adulteration with quinine on alcohol selfadministration and choice between alcohol and saccharin Self-administration. Alcohol-dependent rats self-administered more alcohol than non-dependent rats (Dependence condition: F(1,29) = 6.20, p = 0.019), and quinine reduced alcohol selfadministration (Quinine concentration: F(2,28) = 24.76, p = 0.000), but there was no interaction (p > 0.05) (Fig. 2f ) .
Discrete choice. Alcohol-dependent rats chose more alcohol than control rats (Dependence condition: F(2,25) = 8.79, p = 0.006; Fig. 2g ). Quinine reduced alcohol choice across the dependent and control groups (Quinine concentration: F(2,25) = Fig. 2 Effects of alcohol dependence on choice of alcohol over saccharin (Exp. 2). a Timeline of the experiment. b Self-administration and choice of alcohol and saccharin (0.1%) prior to dependence induction: Mean ± SEM number of alcohol and saccharin (0.1%) deliveries during the last 8 days of alcohol and saccharin self-administration (FR-3) (left) and during the 5 daily choice tests (right). c Effects of alcohol dependence on self-administration of alcohol and saccharin: Mean ± SEM number of alcohol (left) and saccharin (right) deliveries during selfadministration sessions conducted after the first 3 cycles of alcohol vapor exposure. d Effects of alcohol dependence on choice between alcohol and saccharin: Mean ± SEM number of alcohol (left) and saccharin (right) deliveries during the choice tests conducted after the first 4 cycles of alcohol vapor exposure. e Effects of concurrent access to alcohol and saccharin on self-administration in non-dependent and alcohol dependent rats: Mean ± SEM number of alcohol (left) and saccharin (right) deliveries during sessions with access to alcohol or saccharin alone or with concurrent access to both reinforcers. f Effects of alcohol dependence on decreases in alcohol self-administration produced by adulteration of alcohol with quinine: Mean ± SEM number of alcohol deliveries during self-administration tests with unadulterated alcohol (0 concentration) or alcohol adulterated with 0.05 and 0.1 g/L quinine in control (left) and alcohol dependent (right) rats. g Effects of alcohol dependence and quinine adulteration of alcohol on choice between alcohol and saccharin: Mean ± SEM number of alcohol (left) and saccharin (right) deliveries during choice tests with unadulterated alcohol (0 concentration) or alcohol adulterated with 0.05 and 0.1 g/L quinine in control and alcohol dependent rats. *Different from alcohol, + different from non-dependent controls, # different from saccharin alone (e) or from 0 quinine concentration condition (f) (ps < 0.05). N = 15-16/group. ASA alcohol self-administration, SSA saccharin selfadministration Effects of alcohol dependence on discrete choice between... M Russo et al.
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.13, p = 0.009), but the post hoc tests done between the concentrations within each dependence condition were not significant (ps > 0.05). Alcohol-dependent rats chose saccharin less than non-dependent rats (Dependence condition: F(1,26) = 5.05, p = 0.033), but there was no effect of Quinine concentration or interaction (ps > 0.05).
Effects of withdrawal from alcohol vapor on somatic withdrawal symptoms. Twenty-four hours after termination of alcohol vapor exposure in cycles 3-5, rats exhibited tail stiffness and hyperreactivity ( Table 1 Nicotine and saccharin self-administration. Rats self-administered more saccharin than nicotine (Reinforcer: F(1,9) = 23.61, p = 0.001; Fig. 3b, left) . Across days, saccharin self-administration increased while nicotine self-administration remained the same (Reinforcer×Day: F(1,9) = 6.42, p = 0.003). Self-administration of saccharin was higher than nicotine beginning on training day 3 and this persisted to the end of training (p < 0.05).
Discrete choice tests with nicotine and saccharin. Rats chose saccharin more than nicotine in discrete choice tests (Reinforcer (F (1,9) = 177.75, p = 0.000; Fig. 3b, right) .
Effect of increasing ITI on choice of nicotine and saccharin. Changing the ITI from 2 min to 5 min did not significantly affect choice of nicotine or saccharin (p > 0.05; Fig. 3c ). Rats chose significantly more saccharin than nicotine (Reinforcer: F(1,9) = 921.95, p = 0.000), but there was no effect of ITI duration or interaction (ps > 0.05).
Concurrent access to nicotine and saccharin. During concurrent access tests, rats self-administered more saccharin than nicotine (Reinforcer: F(1,9) = 41.81, p = 0.000; Fig. 3d ). There was no effect of Access condition or interaction (p > 0.05).
DISCUSSION
Consistent with previous research using the discrete choice procedure with i.v. drugs, we found that rats strongly preferred oral saccharin over i.v. nicotine. We found, however, that rats chose equivalent amounts of oral alcohol and saccharin. In alcohol-dependent rats, the choice of alcohol over saccharin was profound and this increased choice was directly related to the number of alcohol vapor cycles experienced, with exclusive choice of alcohol seen after the fourth vapor exposure. Our data show that drug dependence can enhance choice of a drug of abuse over a natural reward using the discrete choice model. In contrast to the strong effects of dependence on choice, two other manipulations that affect the intake of alcohol, deprivation, and adulteration with the bitter tastant, quinine, did not affect choice. These findings are relevant to how we understand data from discrete choice studies as well as other preclinical models designed to measure the addictive properties of drugs.
Choice of oral alcohol vs. oral saccharin in non-dependent rats The key finding from Experiment 1 was that food-restricted rats trained to self-administer solutions of alcohol and saccharin chose both reinforcers equally in discrete choice tests. This was surprising for three reasons: (1) rats responded for saccharin more than alcohol during self-administration; (2) previous work on alcohol self-administration with progressive ratio schedules shows alcohol is a relatively weak reinforcer; and (3) the majority of previous discrete choice studies report robust saccharin choice over drug. We then investigated this finding parametrically and found that increasing the saccharin concentration or the ITI enhanced saccharin choice without affecting alcohol choice. A recent study examining choice between 0.2% saccharin and 20% alcohol using a 1 min ITI reported that during the first 5 choice tests, the degree of choice of alcohol vs. saccharin was comparable to what we found [26] . We also investigated the effects of deprivation, a procedure shown to increase consumption of alcohol following a period of abstinence [27] [28] [29] . We found that in non-dependent rats, concurrent deprivation of alcohol and saccharin increased saccharin choice and decreased alcohol choice. While this pattern is surprising, saccharin deprivation has been shown to increase its subsequent intake [30] . It is possible that deprivation might have a more pronounced effect on saccharin than alcohol, and therefore, under conditions of concurrent deprivation of alcohol and saccharin, choice may be shifted toward saccharin.
Therefore, increasing saccharin concentration, the ITI, or employing deprivation can shift the preference toward saccharin; the effects of these manipulations are, however, modest because rats still choose significant amounts of alcohol compared to i.v. drugs, for which a much higher degree of non-drug vs. drug choice is observed.
The reasons for the greater relative choice of oral alcohol vs. saccharin compared to i.v. drugs vs. saccharin are not known. One potential explanation is that alcohol and saccharin are delivered and consumed via the same means and route, compared to different routes (i.v. vs. oral) in most previous studies employing discrete choice. Oral alcohol and saccharin may recruit the same sensory pathways thereby reducing the bias toward saccharin. Another reason may be that perception of orally self-administered reinforcers such as alcohol or saccharin is immediate, while, in the case of i.v. drugs, there is a significant time lag (6 s for i.v. cocaine) between infusion and the perception of the infusion, as indexed by behavioral change [9] . Arguing against this is that, while oral alcohol is perceived immediately, its pharmacological effect is delayed, potentially leading to decreases in its value in a choice situation due to delay discounting, although this might be countered by their learning of the contingency between alcohol taste and its pharmacological effects. Another argument is that quinine adulteration of alcohol had no effect on choice of alcohol over saccharin; had the relatively enhanced choice of alcohol been based solely on its immediate taste, its adulteration by quinine would be predicted to inhibit the choice of alcohol. Effects of alcohol dependence on choice between alcohol and saccharin The most important finding from our study is that, in foodrestricted rats, choice of alcohol over saccharin increased dramatically in alcohol vapor-exposed rats as a function of the number of alcohol vapor cycles to a near-exclusive choice of alcohol after the fourth vapor cycle; at this time, 13 out of the 15 alcohol vapor-exposed rats chose alcohol exclusively. This provides a critical validation of the discrete choice model as a tool to measure the choice of alcohol, because it shows that the procedure is sensitive to a key feature of alcohol addiction, dependence. The possible role of drug dependence in choice has been examined using the approaches of extended access (6-9 h daily sessions) to heroin or methamphetamine [15, 17, 18, 21] , extended training with nicotine (25 days) [16] , or extended heroin [14] or cocaine [9] access combined with a within-session dose escalation procedure. Only extended i.v. heroin access with dose escalation significantly shifted choice toward drug [14] . While withdrawal symptoms in this study were not reported, it should be noted that naloxone-precipitated withdrawal symptoms have been reported following extended access to heroin [31, 32] . Our present results show that an alcohol exposure regimen that produces physical dependence leads to exclusive alcohol choice. These data suggest there may be a difference between stimulants (methamphetamine, nicotine) and depressants/opioids (alcohol, heroin) on the effects of chronic, high-level drug exposure on choice. The reasons for this are not known, but it could be speculated to be related to their propensities to cause physical withdrawal symptoms upon cessation of exposure, with alcohol and heroin causing such symptoms, whereas physical withdrawal symptoms with nicotine or methamphetamine are equivocal.
Alcohol dependence also induces states of negative affect, such as anxiety [33] , that persist beyond the physical withdrawal period and are associated with increased motivation to take alcohol. This altered motivational state produced by dependence could also contribute to the increases in alcohol choice that we observed.
We also assessed the effects of adulteration of alcohol with the bitter tastant, quinine, on alcohol self-administration and choice under non-dependent and dependent conditions to determine whether dependence would result in compulsive-like alcohol selfadministration and choice. We found that quinine concentrationdependently reduced alcohol self-administration, but although dependent rats self-administered more alcohol, the quinineinduced decreases were only slightly and non-significantly affected by alcohol dependence. Although two studies showed clear effects of alcohol vapor exposure on quinine-induced reductions in alcohol self-administration [23, 34] , another showed less robust effects [35] . The two studies showing that dependence blunted the effect of quinine reported that lower concentrations of quinine (0.005-0.025 g/L) reduced alcohol self-administration in controls but not in dependent rats, while a dose of 0.05 g/L reduced self-administration in both control and dependent rats to a similar degree [23, 34] . We used concentrations of 0.05 and 0.1 g/L and did not see an effect of dependence. From this, it could be suggested that, had we used a lower quinine dose range, we may have detected an effect of alcohol dependence on the effects of quinine on self-administration. Adulteration of alcohol with quinine had no effect on choice of alcohol over saccharin in either control or alcohol-dependent rats, despite the greatly increased alcohol choice in dependent rats. The reasons for the insensitivity of the choice procedure to quinine adulteration of alcohol are not known, but there are a number of possible explanations. We used quinine concentrations in the range shown to reduce alcohol self-administration, but it is possible that higher concentrations of quinine are required to shift choice away from alcohol, a hypothesis we will explore in future studies. Another is that the previous experience the rats had with quinine-adulterated alcohol during the self-administration tests reduced its effects on choice. Another possibility is that the large number of self-administration and choice sessions over~3 months experienced by the rats may have impaired the expression of inhibitory effects of quinine on choice of alcohol. Finally, shorter periods between reinforcements (i.e., short ITI) may increase the likelihood of seeing quinine effects on choice.
Choice of i.v. nicotine vs. oral saccharin The results of Experiment 3 on the choice of i.v. nicotine and oral saccharin in food-restricted rats replicate previous findings with the discrete choice trials' procedure showing a pronounced choice of oral saccharin over i.v. nicotine [16] or other i.v. administered drugs. They also contrast with our findings of equivalent alcohol and saccharin choice from Exp. 1. This pronounced degree of choice of saccharin over i.v. nicotine was still noted despite our use of a lower saccharin concentration (0.1%) than used in previous studies (0.2%) with i.v. drugs and at 2 different ITIs. This suggests that, even at this lower concentration, saccharin has a greater reinforcing value relative to i.v. nicotine. During sessions when rats had concurrent access to i.v. nicotine and saccharin, rats also self-administered more saccharin than nicotine, which is consistent with this and with the results of previous studies [7] .
Methodological considerations
Effectiveness of alcohol-dependence induction. During alcohol vapor exposure, rats in the dependent group had blood alcohol levels (BALs) in the range shown to result in physical dependence (Table 1) [36] , exhibited behavioral signs of intoxication during vapor exposure, and showed physical withdrawal symptoms 24 h after termination of alcohol vapor exposure (Table 1 ). These observations, coupled with increased alcohol self-administration in alcohol vapor-exposed rats, indicate that they were alcohol dependent. In addition, increased alcohol self-administration by the dependent rats in our study occurred after the third vapor exposure cycle (a total of 15 days of intermittent alcohol vapor), consistent with previous work showing that the increased motivation for alcohol associated with alcohol vapor exposure is dependent on the numbers of vapor exposures experienced [36] . Variations in the extent of increases in alcohol self-administration by alcohol vapor exposure have been observed in different laboratories. Some of the variation may be related to the schedule of exposure, the use of self-administration during the withdrawal phase, and strain differences [37, 38] .
Saccharin concentration. Different concentrations of saccharin were used to initiate saccharin self-administration (0.5 and 0.1% in Exp. 1 and 0.1% in Exp. 2), but the levels of choice of saccharin vs. alcohol were similar. These concentrations are lower than the concentration (0.2%) used by the majority of studies on choice of saccharin vs. other drugs of abuse. It should be noted that, in another study that used 0.2% saccharin, the choice of alcohol vs. saccharin during the first 5 days of choice testing was comparable to what we observed [26] .
We used non-caloric saccharin as the alternative reinforcer in these initial studies because it is standard in discrete choice studies. While sucrose may be a better non-drug reinforcer for comparison with alcohol, it has been reported that oral administration of alcohol with sucrose results in lower BALs compared to alcohol and saccharin (Roberts et al., 1999) , potentially impacting alcohol choice. In future work, we will investigate the potential role of the caloric value of alcohol in choice by testing different alternative reinforcers.
Another factor related to the caloric issue is that we fed the rats 23-25 g chow/day rather than ad lib. Under this feeding schedule, rats were healthy and gained weight steadily with an average body weight of about 420 g by the end of the experiment, but the possibility that this restriction altered choice behavior cannot be ruled out.
The discrete choice model and the reinforcing effects of alcohol We examined the effects of three different treatments used to study the reinforcing effects of alcohol on the choice of alcohol vs. saccharin in the discrete choice procedure. The first two, deprivation and dependence induction, have been shown to enhance alcohol intake. The third, the adulteration of alcohol with the bitter tastant, quinine, reduces alcohol intake, and alcoholdependent rats are more resistant to its effects. We expected that deprivation and alcohol dependence would enhance choice, while quinine adulteration would reduce choice and that quinineinduced reductions in choice would possibly be reduced by dependence. We found that choice of alcohol was markedly increased by alcohol dependence, but it was resilient to both deprivation and quinine adulteration of alcohol, the latter in both non-dependent and dependent rats. Further studies of this pattern of findings may help to better understand which aspects of the reinforcing effects of alcohol are measured by the discrete choice procedure.
Summary and conclusions
We found that rats chose equivalent amounts of orally selfadministered alcohol and saccharin in the choice tests. Alcohol dependence resulted in a shift to exclusive choice of alcohol over saccharin, and this occurred as a function of the number of alcohol vapor exposure cycles experienced. These data extend the validity of the discrete choice procedure as a model of drug abuse as it shows it can detect the heightened drive to self-administer drug over other reinforcers noted in drug-dependent humans.
Although choice was shifted markedly by alcohol dependence, it was unaffected by reward deprivation or adulteration of alcohol with a bitter tastant, quinine. This pattern of findings suggests that the choice procedure may measure different aspects of increased motivation to take drug compared to other animal models of addiction.
Our data are highly relevant to the development of medications for treatment of alcoholism. This is because the rationale behind treating drug addiction is not only to reduce drug-directed behavior but also to reallocate behavior toward alternative nondrug reinforcers. Therefore, the use of the discrete choice procedure in alcohol-dependent rats could be a potentially powerful model, as medications can be developed with the goal of shifting this exclusive choice of alcohol in dependent rats back toward an alternative reinforcer.
